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I.  INTRODUCTION 


The  high-power  lube  program  was  established  to  investigate  some  of  the 
baste  problems  encountered  in  amplifiers  now  under  development  or  planned 
for  future  radar  and  communications  use. 

During  the  period  covered  by  this  report,  work  on  vacuum  voltage  break¬ 
down  was  reinitiated  Kmphasis  is  being  placed  on  breakdown  across  ceramic 
insulators  because  of  the  difficulty  that  lias  recently  been  experienced  with 
this  phenomenon 

A  study  of  grid  configurations  having  possible  application  to  switch  tubes 
or  linear  beam  tubes  has  been  started.  Interest  is  centered  on  grids  that  are 
elongated  in  the  direction  of  electron  flow,  since  it  is  felt  that  this  type  of  grid 
may  be  useful  in  applications  where  wire  grids  fail  because  of  their  low-pov/cr 
dissipation  capability.  "Ibis  work  is  motivated  by  radar  requirements  for 
short  pulses  and  asynchronous  pulsing  modes 

Measurements  with  the  beam-impulse  heating  tube  indicate  that  significant 
damage  occurs  to  a  copper  surface  with  peak-power  densities  of  approximately 
0.5M\v/cm“  in  a  few  seconds’  operation  at  a  duty  cycle  or  0.003  (10-,jsee 
pulses).  Calibration  of  the  temperature-measuring  equipment  has  been  the 
most  difficult  part  of  this  project. 

Theoretical  predictions  of  TR  tube  performance,  made  with  the  7090  com¬ 
puter,  have  been  verified  by  measurements  on  an  L-band  folded -cylinder  TR 
tube.  Construction  of  the  S-band  ring  resonator  has  been  completed.  This 
unit,  when  installed,  should  permit  testing  of  S-band  components  at  simu¬ 
lated  average  powers  of  500  kw. 

The  biased-collector  tube  has  been  placed  in  operation  and  measurements 
have  been  started.  Work  to  date  has  been  at  relatively  low-voltage  levels. 

Details  of  the  foregoing  projects,  as  well  as  of  cathodes,  vacuum  techniques, 
klystron  analysis  and  cavity-loss  distribution  are  described  on  the  following 
pages. 
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Work  on  hollow  beams  at  Vartan  Associates  is  not  described  in  this  semi¬ 
annual  report  since  the  experimental  portion  of  that  contract  has  been  com¬ 
pleted  and  no  new  data  have  been  obtained  during  this  period.  A  final  report 
is  in  preparation. 

The  secondary-emission  work  has  been  completed  and  a  report  written. 

No  further  investigations  are  planned  at  this  time,  with  the  exception  of  an  ex¬ 
periment  to  determine  the  efficacy  of  some  of  the  coatings  in  inhibiting  multi- 

pactor  in  a  resonant  cavity.  „  «  ^ 

R.  C.  Butman 
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SI  KLYSTRON  ANALYSIS  AND  LXPERIMKNT 


During  5 lie  course  of  efforts  It*  formalize  the  space-charge-wave  linear 
analysis,  n  was  discovered  the  energy  conservation  condition  (kinetic  power 
theorem)  was  not  fulfilled.  The  omission  was  finally  determined  to  be  the 
teem  corresponding  to  the  electromagnetic  energy  of  the  bunched  beam  cur¬ 
rent  jii  the  tunnel  following  the  gap.  The  energy  conservation  theorem,  in¬ 
cluding  this  electromagnetic  energy,  could  then  be  satisfied.  Although  the 
magnitude  of  this  term  was  about  tf>  per  cent,  its  net  contribution  to  the  elec¬ 
tronic  gap  conductance  was  negligible  (i  per  cent  maximum  sit  the  case  of  a 
perveanee  10  hollow  beam)  and  so  need  not  be  included  in  the  calculation  of 
nt,j  for  ordinary  klystron  beams  The  electromagnetic  energy  contribution 
has  been  th*-  concern  II  I.  Peas*- 

There  has  been  Utile  opportunity  since  the  last  semiannual  report  to  ob¬ 
tain  additional  gain  or  phase  vs  frequency  data  However,  the  following  Sterns 
have  received  some  all  elision 

(a)  The  instrumentation  for  phase  measurement  has  been 
improved  in  sensitivity  to  something  better  than  *  1\ 

Normal  variation  in  tube  operating  conditions,  line  volt¬ 
age.  temperature,  tuning,  etc  .  are  Umititig  the  repro¬ 
ducibility  of  measurements 

lb)  The  correction  mentioned  in  the  last  semiannual  report1 
to  the  stagger  tuned  amplitude  response  due  to  the  fre¬ 
quency  sensitivity  of  the  noutunable  portion  of  the  out¬ 
put  circuit  has  been  made  with  the  result  shown  in  Pig.  11-1. 

It  is  evident  that  tins  helps  to  bring  the  computed  shape 
toward  better  agreement  with  the  experimental  response. 

Most  of  the  remaining  disagreement  may  be  the  result 
of  a  higher  effective  Qcj  for  the  intermediate  cavities 
than  results  from  the  ca. culation.  This  (too  low  cal¬ 
culated  Q(?i)  in  turn  may  he  a  fault  in  the  theory  or  a 
poor  estimate  of  the  beam  si’/.e  used  in  the  calculation. 


*  Consultant 
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(e)  A  single  run  has  been  made  on  a  VA  87  klystron  or 
relative  phase  vs  amplitude  or  RF  drive  which  Indi¬ 
cates  that  phase  excursions  or  a  rew  tens  or  degrees 
occur  in  the  large-signal  region  Tl»e  dependence  on 
amplitude  or  this  variation  appears  to  rollow  what  one 
would  expect  rrom  the  manner  In  which  the  pliasc  of 
the  RF  output  voltage  is  determined  with  respect  to 
the  bunched  beam.  A  quantitative  comparison  will  be 
made  as  soon  as  additional  data  can  ho  taken  to  con- 
Rrm  this  preliminary  run  ami  an  analysis  is  rormu- 
lated  to  compute  the  theoretical  behavior. 

t*.  L.  Guernsey 


2800  K>  2030405060  70  8090  2900 
FREQUENCY 

Fig.  II- 1 .  Klystron  gain  vs  frequency  (VA  87C). 
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HI.  BEAM  PULSE  HEATING 


The  purpose  or  Hus  project  is  to  measure  the  Int  repulse  heating  and 
evaporation  rates  of  metallic  surfaces  bombarded  by  high-intensity  pulsed 
electron  beams 

The  second  beam  pulse  heating  tube  (XT455,  Ser.2)  was  fabricated,  proc¬ 
essed  and  pulsed  during  this  reporting  period  Four  OFI1C  copper  targets 
were  installed  with  the  first  target  (No.  21)  used  primarily  to  study  cathode 
emission  and  beam  formation.  A  considerable  amount  of  time  was  spent  ad¬ 
justing  the  magnetic  field  to  obtain  uniform  density  over  the  beam  at  the  tar¬ 
get.  A  magnetic  field  of  about  250  gauss  was  required  to  obtain  the  0.6-inch- 
diameter  beam  that  was  finally  used. 

During  the  investigation  of  the  electron  beam,  the  inside  glass  surface  of 
the  tube  became  coated  with  vaporized  copper.  For  this  reason,  temperature 
measurements  with  the  photoelectric  pyrometer  could  not  be  made  on  the  re¬ 
maining  three  targets.  These  three  were  then  used  in  an  effort  to  measure  the 
rate  of  evaporation  of  OF11C  copper  under  conditions  simulating  those  existing 
in  a  tube  now  under  development.  The  remaining  three  targets  (22,  23,  24) 
wore  therefore  pulsed  at  28  kv,  10-(isec  pulse  duration.  0.55-Mw/cm2  peak 
beam  power  density.  300-pulsc-per-seeond  (pps)  repetition  frequency  with 
101  pulses  bombarding  target  24.  1010  pulses  on  target  23  and  10.004  pulses 
on  target  22. 

Photographs  of  the  four  targets  after  bombardment  are  shown  in 
Figs.  III-l(a)  through  (d).  Figure  III-l  (a)  shows  the  test  copper  target  21. 

The  total  number  of  pulses  impinging  on  this  target  was  11.969  at  peak  volt¬ 
ages  that  ranged  from  20  kv  to  86  kv.  A  crater  ft-inch  diameter  by  j^-inch 
deep  is  easily  identified  on  the  photograph.  It  is  worth  noting  that  a  spot  ap¬ 
proximately  j^-inch  diameter  was  initially  discernible  optically  as  a  result  of 
21  pulses  at  3a-kv  peak  voltage. 

Figure  III-l (b)  is  a  photograph  of  target  22  bombarded  with  10,004  pulses. 
Here  one  clearly  sees  the  effect  of  33  seconds  of  28-kv  pulse  bombardment  on 
a  copper  surface  at  a  300-pps  repetition  frequency.  The  spot  diameter  is  ap¬ 
proximately  *  inch.  Physical  damage  to  the  surface  is  apparent  from  this 
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(a)  Target  21  (totol  number  of  pulses  =  1 1 , 968). 


nmwiD 

n«» 


(b)  Target  22  (total  number  of  pulses  =  10,004). 


(c)  Target  23  (total  number  of  pulses  =  1010). 


(d)  Target  24  (total  number  of  pulses  =  101). 


Fig.  Ill-l .  Four  targets  after  bombardment  with  XT455,  Ser.2. 
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photograph  Fissures  along  she  grain  boundary  which  result  from  the  localized 
heating  vary  in  depth  from  6  to  5,2 microns  Figure  1 11 -2 (a)  is  a  mierophoto- 
graph  of  target  22  before  bomba rtlment,  showing  the  grain  structure  under  5QX 
magnification  Figure  111-2(1!)  is  a  mieropholograph  of  the  same  target  after 
bombardment 

Figure  111-1  (e)  is  a  photograph  of  target  23  bombarded  with  1010  pulses. 
The  area  of  pulse  heating  is  again  easily  discernible  on  the  photograph.  The 
spot  diameter  Is  approximately  <  inch  l*hystea!  damage  to  this  surface  is 
apparent  after  3  seconds  of  pulsed  homhaniment  at  a  300-pps  repetition  fre¬ 
quency 

Figure  Ill-Ud)  is  a  photograph  of  target  2-1  bomba t* Jed  with  101  pulses 
No  visible  signs  of  damage  or  localized  heating  are  observed 

During  pulse  operation  of  the  tube,  peak  currents  impinging  on  the  target 
pass  through  the  two  stainless  steel  screws  that  hold  the  target  to  the  copper 
hacking  plate  Heating  at  these  t •..•(>  screws  caused  the  copper  targets  to  be 
fused  to  the  copper  backing  plate  at  the  screw  hole  opening  When  the  four 
targets  were  forcibly  removed  from  this  plate  for  weighing,  some  of  the  target 
copper  ripped  away,  resulting  in  an  increased  loss  of  target  weight  over  that 
due  to  electron  bombardment  Therefore,  no  quantitative  measurement  of  tar¬ 
get  weight  loss  is  reported. 

A  second  set  of  four  copper  targets  was  installed  in  XT-155,  Set*  2,  and 
the  tube  was  reprocessed  with  a  new  cathode  assembly  It  was  planned  that 
this  second  tube  would  be  used  in  an  attempt  to  obtain  quantitative  data  on  tem¬ 
perature  rise  and  additional  data  on  surface  evaporation  rates. 

Since  there  had  been  some  question  about  the  uniformity  of  beam  density 
m  the  first  tube,  pictures  were  taken  of  the  target  spot  at  various  magnetic 
fields  with  anode  voltages  from  28  to  75  kv.  Figure  III- 3  shows  the  test  setup 
used;  Figs.  111-4  through  I1I-7  are  typical  pictures  taken  of  the  spot.  It  is 
evident  that  the  beam  density  is  not  uniform  (Fig.  III-5(a) )  and  further  that  the 
target  spot  is  at  least  partially  obscured  by  a  plasma  discharge  [Figs.  Ill— 4(b), 
5(b),  6(b),  7(b-c)j  at  the  higher  beam  power  densities.  A  quantitative  deter¬ 
mination  of  the  equivalent  power  density,  therefore,  requires  a  more  precise 
determination  of  the  effective  beam  cross  section  than  has  been  done  to  date. 
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Fig.  1 1 1-2.  Microphotographs  of  target  22:  (a)  before  bombardment. 
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Ill— 2.  Microphotographs  of  target  22:  (b)  after  bombardment  with  10,004  pul 


Fig.  111*3.  Experimental  setup  for  observing  bombcrded  area. 
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-3P2-*735(o-b) 


(a)  240  gauss.  0»)  260  gam. 

Fig.  111-4.  Bombarded  area  ol  51 .5  kv  peck  voltage. 


-312-6736(o-b) 


(a)  240gouss.  (b)  260  gouis. 

Fig.  111-5.  Bombarded  area  of  58  kv. 
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-312-6737(o-b) 


(a)  240  gauss.  (b)  260  gouts. 

Fig.  111*6.  Bombarded  oreo  ot  62  kv. 

-312-6738(o-c) 


(o)  240  gouts.  (b)  260  gauss. 


(c)  280  gauss. 

Fig.  111-7.  Bombarded  area  at  75  kv. 
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When  a  qualitative  picture  of  the  beam  density  profile  had  been  obtained, 
attention  was  directed  toward  the  problems  of  measuring  the  in*rapul$e  tern- 
perature  as  a  function  of  peak  voltage  and  beam  power  density.  Temperature 
spectrum  measurements  were  also  made  with  the  aid  of  optical  long-pass 
filters  whose  cutoff  wavelengths  and  transmission  characteristics  are  accu¬ 
rately  knowuu  These  experiments  have  shown  that  the  temperature  results 
reported  in  the  last  Semiannual  Technical  Summary  Report  are  incorrect, 
since  the  fluorescence  and  emission  spectra  of  the  bombarded  copper  target 
do  contribute  appreciably  to  the  over-ell  light  output  spectrum  from  the  bom¬ 
barded  surface.  To  filler  out  these  unwanted  spectra,  long-pass  filters  with 
cutoff  wavelengths  0.52|«,  0.5*!|«,  0.65i»  and  0„7|i  were  inserted  in  front  of  the 
7t02  photomultiplier  tube.  Results  at  38  kv  are  shown  in  Fig.  111-8.  In  this 
figure,  the  amplitude  of  the  output  pulse  from  the  7i02  photomultiplier  tube  is 
plotted  against  the  filter  inserted  for  that  measurement.  Curve  A  was  taken 
at  58  kv  with  a  focusing  field  of  210  gauss.  Curve  B  was  taken  at  the  same 
voltage,  but  with  zero  magnetic  field  with  resultant  larger  beam  diameter  and 
lower-power  density.  One  can  see  that  the  visible  light  contribution  is  essen¬ 
tially  removed  by  the  0.37-,j  filter  in  both  cases  and  that  there  is  a  significant 
thermal  contribution  showing  in  the  case  of  high  beam  density  (curve  A)  in  the 
0.65-  to  0.7-|»  region,  as  evidenced  by  the  decreasing  amplitude  of  response 
in  the  low-frequencv  region. 

A  typical  temperature  pulse  measured  with  aO.7-^  filter  inserted  is  shoum 
in  Fig.  Ill -9  for  a  peak  voltage  of  67  kv.  Both  the  temperature  and  correspond¬ 
ing  collector  current  pulse  are  shown  in  Fig.  Ill -9(a).  The  time  scale  is 
5pscc/cm  and  the  peak  amplitude  of  the  current  pulse  is  25  amp.  In  Fig.  II I -9(b) 
the  leading  edges  of  both  pulses  are  shown  (time  scale  is  l.Opsec/cm).  The 
small  step  on  the  leading  edge  of  the  temperature  pulse  is  a  transient  induced 
by  the  modulator  pulse  and  does  not  represent  a  temperature  change.  The 
temperature  threshold  is  believed  to  be  about  760°K.  The  flat  top  of  the  pulse 
is  believed  to  occur  at  1350°K,  the  melting  point  of  the  copper.  The  tempera¬ 
ture  rise  is  therefore  about  330°C/psec.  Using  an  approximate  figure  for  beam 
diameter  of  0.6  inch,  the  peak  power  density  reached  in  Fig.  Ill -9  is 
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Output  signal  from  o«oiouulIipuCH  tuflC  Jn'ni 


CuTOTT  WAvClCNGTm  or  LONG-PASS  FILTER  INSERTED 

Fig.  111-8.  Temperature-pulse  amplitude  vs  low-pass  filter. 


312-6740 

■  Temperature 

(o) 

Peak  collector  current,  25  omp 
(5-piec/cm  horizontal  scole) 

■  L coding  edge  temperature 

(b) 

Leading  edge  collector  current 
(1-psec/cm  horizontal  scole) 


Fig.  111-9.  Temperature  pulse  at  67 lev. 


Fig.  111*10.  Photoelectric  pyrometer  voltage  output  vs  true  copper  temperature. 
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67.000  *  25» 


t,S~  cm 


0.^  Mw/em* 


Hie  leveling  off  of  the?  lemjjeraiuit  pulse  probably  results  from  the  fact  ilias 
the  heat  ©if  fusion  which  must  he  supplied  to  the  copper  to  cause  melting  is 
high  enough  to  prevent  a  further  rise  in  temperature  above  the  melting  point,, 

Some  information  on  calibration  techniques  ami  calculatioits  of  tempera¬ 
ture  rise  are  offered  in  support  of  the  foregoing  speculation.  Consider  first 
the  calibration  technique.  Hie  photocell  output  current  across  a  load  resistor 
is  measured  as  a  function  of  the  temperature  of  a  tungsten  source.  Hie  light 
from  the  source  is  filtered  by  a  0.7-g#  long-pass  filter  and  interrupted  bv  a 
flying  slot  whose  area  is  0.1  cm",  "llu*  voltage  output  as  a  function  of  tempera¬ 
ture.  corrected  for  the  difference  in  etnisstvity  between  tungsten  and  copper 
is  plotted  in  f'ig  111-10.  The  minimum  detectable  temperature  is  about  800*C, 
or  about  llQ0rK. 

With  this  calibration  curve,  one  can  estimate  the  minimum  temperature 
that  can  be  detected  in  the  actual  tube.  Since  the  beam  area  in  the  actual  beam 
tube  is  l.£cm“,  one  expects  that,  for  identical  temperatures  of  calibrating 
source  and  target,  the  photocell  output  voltage  in  the  beam  tube  would  be 
1.8/0. 1  s  18  times  that  observed  with  the  calibrating  source,  that  is,  just  the 
ratio  of  beam  area  to  calibrating  source  area.  (The  field  of  view  of  the  photo¬ 
cell  is  large  compared  with  the  spot  size.)  However,  from  the  figure  it  is 
found  that  the  photocell  voltage  varies  as  (temperature)  7.6.  Therefore,  the 
minimum  detectable  temperature  in  the  tube  (taking  some  liberties  with  extrap¬ 
olation  tcehmcpics)  should  be 


HOO’K 

(18) 


760‘K 


The  rate  of  rise  of  temperature  that  may  be  expected  can  be  estimated 
from  a  knowledge  of  the  beam  power  density,  the  physical  constants  of  the 
copper  target  and  the  range  energy  relation  for  electrons  in  copper. 

Consider  first  Fig.  111-1 1 :  an  approximate  plot  of  the  energy  density  in  a 
copper  target  as  a  function  of  beam  voltage,  using  measured  values  for  beam 
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Fig.  111-11.  Energy  densities  at  bombarded  copper  surface  vs  accelerating  voltoge 
(beam  power  =  1 . 6  X  10“^,  beom  orea  assumed  to  be  1.8  cm*  at  oil  power  levels). 
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of  1  San  amt  beam  pemanee  of  l  6  *  Ito**  Tlie  energy  density  is 
she  average  density  dissipated  hi  a  volume  defttied  by  site  area  of  site  beam  and 
a  depth  equal  so  she  praettca!  range  for  electrons  to  trejpr.  Use  principal 
observation  so  tor  made  is  that  she  energy  density,  and  site  ref  ore  site  surface 
temjterature.  ts  a  slow.0  function  of  b*ai«  voltage  'therefore..  ©ate  j»!  oteWv 
does  n<*’>  err  greatly  toy  using  ass  average  value  of  energy  density  when  calcu¬ 
lating  rate  of  temperature  rise  as  she  leading  edge  of  she  pulse. 

hr*  us  now  caleulase  sins  s'ase  of  rise  toy  ustsig  an  energy  density  of 
«0t.\;w  esss  The  heat  easiest v  of  copper  is  to  t  eal  gist  C  or  0  4IS joule 
«is  t‘  \  pow*-r  of  bOOXIu  ass’*  eorrespajids  so  wtto  jostles  erst  a  see  or 
<»”  $  joules  gr  tiii  a  set*  llte  rate  of  1  seating  is  therefore  «*"  ^  to  -lib  s  Into*  a  see 
This  corresponds  to  a  1  JO ‘ /a see  rate  estimated  toy  making  the  assumption  shat 
the  flat  top  of  the  temperature  pulse  did  indeed  represent  the  melting  poistt  of 
copper  Hester  agreement  could  hardly  toe  expected  in  view*  of  site  difficulty  of 
beam  diameter  measurement,  and  the  method  used  to  estimate  threshold  tem¬ 
perature 

Is  has  been  stated  that  the  flat  top  of  she  temperature  pulse  is  as  lOJiO'C 
The  etiergy  required  to  supply  -he  necessary  heat  of  fusion  to  melt  the  copper 
being  bombarded  :s  so  large  that  a  limiting  aition  takes  place  a:  the  melting 

j 

poistt  'I'lie  heat  of  fusion  of  copper  ;s  iOO joules  gtsi  os  I '>00  joules  cm  1‘sing 

t 

ast  energy  density  of  »>00  Mw  cm  .  or.e  observes  that  1  6|»sec  ( I '*00  600)  would 
be  required  to  melt  copper  without  raising  its  temperature  when  subjected  to 
a  bombardment  at  this  level,  assuming  adiabatic  beating  It  is  a  coincidence 
that  the  thermal  time  constants  of  the  copper  tst  tins  case  are  of  the  order  of 
3|iscc,  so  tltat  one  cannot  expect  the  assumption  of  adiabatic  heating  to  hold 
beyond  (or  eves,  to)  that  length  of  time  Therefore,  with  the  power  densities 
involved  in  the  experiment  reported  here,  otic  casi  expect  the  temperature  to 
remain  at  or  near  the  melting  point  for  much  longer  than  3.0psec,  since  there 
will  he  appreciable  heat  flow  out  of  the  copper  during  a  period  of  3psec.  In¬ 
deed,  this  is  the  observed  fact;  the  apparent  temperature  does  remain  nearly 
constant  for  Hie  entire  pulse 

10.  Silverman 
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Fig.  IV— 1 .  Block  diogrom  for  cquipotcntiol  plotting. 
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IV.  I  IK  AM  STUDIES 


The  eon  Hi  ruclion  of  the  electrolytic  tank  *«  he  used  for  high-power  elee- 
trort  beam  design  studies  Inst  been  completed.  “Hie  t'irt'tijtji  for  both  |tote»tial 
and  electron  trajectory  plotting  are  available  The  triple  probes  necessary 
for  t rajeeturv  plotting  have  not  yet  been  received,  tto  that  work  has  thus  fur 
been  confined  to  |k>teniial  plotting. 

A  block  that* rain  of  the  circuit  used  for  equqmlent ial  plotting  is  shown  in 
l?jjj.  |V- 1  The  electrolytic  lank  ami  its  electrodes  are  operated  with  a  500-eps 
volume  source.  This  volume  source  is  divided  into  19  equal  parts  by  a  pre¬ 
cision  voltage  divider  so  that  18  equipotential  lines  can  be  plotted  The  com¬ 
parator  receives  one  signal  from  this  voltage  divider  and  an  input  from  the 
electrolyte  by  way  of  a  probe.  A  zero  output  occurs  when  equality  of  ampli- 
iudc  is  achieved.  Inequality  is  evidenced  by  a  300-cps  signal  which  is  in 
phase  or  180’  out  of  phase  with  the  reference.  This  signal  is  converted  in  the 
phase  discriminator  to  a  DC  voltage  whose  amplitude  and  polarity  is  propor¬ 
tional  to  the  amplitude  and  phase  of  the  error  signal  with  respect  to  the  refer¬ 
ence  signal.  The  Benson-I .diner  servoamplifier  accepts  this  DC  voltage  and 
energizes  a  2-phase  motor  in  accordance  with  this  Input,  causing  the  probe 
pickup  to  move  in  a  direction  to  reduce  the  error  to  zero.  Motion  in  this  di¬ 
rection  is  referred  to  as  the  Y  direction. 

The  X  motion  is  produced  by  inserting  a  constant  DC  voltage  to  the  X 
servo.  'This  drive  voltage  is  reduced  by  an  inhibit  signal  which  is  proportional 
to  the  magnitude  of  the  error  voltage.  Thus  the  X  motion  may  be  brought  to 
a  halt  when  an  excessive  error  in  Y  exists. 

A  determination  of  the  accuracy  and  reproducibility  of  equipotential  lines 
has  shown  the  maximum  error  to  be  less  than  0.5  per  cent  and  the  results  to 
be  reproducible  within  0.1  per  cent.  The  investigation  of  accuracy  was  made 
by  using  parallel  electrodes.  The  percentage  accuracy  is  defined  as  one  hun¬ 
dred  times  the  ratio  of  the  difference  between  the  plotted  and  the  calculated 
position  of  any  line  to  the  total  distance  between  the  electrodes.  Since  the 
maximum  0.5  per  cent  error  is  approximately  the  same  as  the  maximum  error 
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Fig.  IV— 2 .  Electrolytic  tank  equipotential  plot. 
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of  the  individunl  misiors  used  in  the  wdla^e  divider,  it  has  been  decided  i« 
rebuild  she  voltage  divider,  using  resistors  wish  a  I  ole  ranee  of  0.05  per  cent 
in  she  hope  of  reducing  she  error  still  further.  Is  should  be  noted  here  Shat, 
even  wish  she  degree  of  accuracy  now  as  Sained,  a  considerable  error  in  plot¬ 
ting  equipoleiilials  is  possible  wh»*n  she  gradiens.  and  therefore  the  error  sig¬ 
nal.  is  very  small,  since  she  inhibit  signal  to  the  otherwise  constant  drive  X 
seiwo  will  be  small.  It  may  be  seen,  for  example,  in  Fig.  IV-2,  thal  there 
was  considerable  overshoot  in  the  "valley"  between  grids  near  the  cathode. 

To  improve  the  accuracy  of  the  equipment  to  the  0.5  per  cent  level,  is 
was  found  necessary  to  make  mechanical  changes  in  two  of  the  conqionenis 
described  in  the  last  High- Power  Tube  Semiannual  Technical  Summary  Report 
to  ARPA. 

The  pantograph,  winch  was  designed  for  us  to  plot  the  excursion  of  the 
probe  through  the  electrolyte,  did  not  have  sufficient  resistance  to  bending. 
Distorted  plots  were  caused  bv  bending  and  vibration  of  the  pantograph  arms. 
By  using  commercially  available  rectangular  stainless  steel  tubing  (0.9  in.  * 
0.*l  in.  :<  0.015  wall  for  the  shorter  arms,  and  1.872  in.  *  0.872  in.  x  0.015 
wall  for  the  longer  arms),  it  was  possible  to  design  a  pantograph,  each  of 
whose  arms  offered  a  minimum  of  four  times  the  resistance  to  bending  (ten 
times  for  the  longer  arms)  for  the  same  weight  as  the  square  aluminum  tubing 
(1/2  in.  square  by  1/16  wall)  originally  used.  The  resulting  system  is  far 
more  rigid  and  therefore  able  to  reproduce  more  faithfully  the  probe  motion. 

The  plastic -coaled  aluminum  tilling  plane  has  been  replaced  by  a  plexi¬ 
glass  plane.  Contrary  to  expectations,  the  aluminum  plate  warped,  causing 
variations  in  the  depth  of  electrolyte,  and  thus  leading  to  distortions  of  the 
potential  lines.  Apparently,  there  was  also  some  capacitive  loading  of  the 
electrolyte  because  of  a  too  thin  plastic  coating  on  the  plate.  Finally,  it  was 
not  possible  to  mount  models  easily  to  this  plane,  whereas  with  plexiglass, 
holes  may  be  easily  drilled  and  models  mounted  securely.  The  deformation 
of  the  plexiglass  plane  is  to  be  eliminated  by  the  use  of  a  supporting  layer  of 
3-inch-thick  stiff  nonabsorbing  foam  material.  This  liner  will  have  approxi¬ 
mately  the  same  dielectric  constant  as  air  and  will  thus  offer  the  added  advan¬ 
tage  of  more  complete  isolation  from  the  grounded  tank  frame. 
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While  watting  for  the  completion  of  the  probes  for  trajectory  plot  lint*.  «i 
has  been  possible*,  using  only  ilu*  potential  plotting  circuits.  to  begin  the  in- 
*  obligation  of  a  problem  wliuse  solution  would  liavc  immediate*  application 
Many  proposed  radar  systems  depend  upon  sophisticated  pulse  techniques 
which  require  the  use  of  grid -coni rolled  hard  lubes.  The  power  levels  are 
such  i!r-i  n  has  been  impossible  u»  design  conventional  grid  structures  that 
are  capable  of  disstj*at«ng  the  require!  power  An  increase  in  the  mass  of 
the  grid  or  a  decrease  in  the  grid  interception  current  would  be  desirable,  if 
neither  change  adversely  affected  the  operation  of  the  tube. 

The  only  immediately  apparent  way  of  increasing  the  mass  of  the  grid 
structure.  w:i..  »*«’  closing  the  grid  spat  mg.  is  to  increase  the  depth  of  the 
grid.  I  bis  will  enhance  the  effect  «f  the  grid,  thereby  increasing  the  ainpli- 
f;e;  t;  *:  factor  St  might  then  be  possible  So  open  the  grid  structure.  Whether 
or  nut  the  decrease  in  grid  interception  due  to  opening  the  grid  will  be  offset 
by  added  interception  due  to  increased  depth  is  one  of  the  problems  to  be  in¬ 
vestigated.  The  first  problem,  however,  is  to  find  the  effect  of  grid  depth  on 
gam.  or  cutoff  voltage  to  which  the  gam  is  directly  related. 

A  preliminary  study  of  the  effects  of  grid  depth  and  spacing  has  started 
with  a  plane  inode  mode!  m  the  electrolytic  tank.  Hie  dimensions  are  given 
in  Fig.  IV-3  The  first  investigation  was  of  the  variation  of  cutoff  voltage  with 
varying  grid  depth  and  spacing.  Five  sets  of  grids  varying  in  length  (L)  from 
0  5  to  nearly  7  inches  were  tested  at  grid  spacings  (b)  varying  from  -5  to  16 
inches.  The  results  are  shown  m  Fig  IV— I.  h  is  easily  seen  that  any  given 
cutoff  voltage  may  be  maintained  with  wider  spacing  if  the  grid  is  elongated. 

It  also  follows  that,  for  a  given  spacing,  the  cutoff  may  be  decreased  by 
elongating  the  grid.  Examination  of  the  curve  b/n  =  1.685  (where  a  is  the 
grid  cathode  spacing)  reveals  that  n  tenfold  increase  in  grid  depth  from  0.12a 
to  1.2a  yields  an  increase  of  20  to  1  in  c  /c  from  7  to  140. 

The  cutoff  voltage  was  assumed  to  be  that  grid  voltage  which  resulted  in 
an  cquipotential  line,  of  the  same  potential  as  the  cathode,  situated  within 
1/8  inch  of  the  cathode  (Fig.  1V-2)  at  the  closest  point.  For  the  narrowest 
grid  spacing  considered  (b/a  =  0.843),  grid  depths  greater  than  0.4a  were  not 
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considered.  s.m e  ilu*  voltage  gradient  near  the  cathode  was  so  small  that  an 
accurate  determination  of  the  cutoff  voltage  was  impossible  m  the  metis  d  used 
l*or  all  measurements.  she  gnd-to-eathode  spacing  was  fixed  Since  the 
caili«Mlc-io-j»laie  spacing  was  fixed  by  ibe  mechanical  structure  of  Uie  model. 
ii  was  necessary  to  determine  the  potential  at  a  constant  distance  from  the 

ijjrid  and  to  use  sins  potential  as  e  in  tbe  calculation  of  e  ft*  „  This  definition 

I*  p  8 

«»f  c  kept  the  grid  plate  separation  constant  for  all  cases  and  maintained  the 
$jt  id-plate  perveanee  at  a  neat  ly  constant  value  The  calculation  of  tins  poten¬ 
tial  was  possible  since,  in  each  case,  the  gradient  near  tbe  plate,  out  of  range 
of  the  effect  of  the  grid,  was  essentially  constant 

VI.  A  .lanvrtn 
\l  K  Schware.  Jr 
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Fig.  V-2.  Plot  of  beam  current  to  different  collector  rings 
as  a  function  of  bias  voltage.  The  values  of  cathode  and 
bod/  currents  are  divided  by  ten. 
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V  .  HI  ASK  I)  COU.KCTOH 


'Hie  bmscd-col lector  project  was  established  la  investigate  the  character¬ 
istics  of  the  s|»ent  beam  of  a  klystron  in  the  hof»e  of  obtaining  information  that 
would  be  useful  in  the  design  of  imiltisegment  blasts!  collectors. 

During  the  jieriod  covered  by  tins  rcjiort.  a  tub**  was  completed  and  tests 
started  Before  any  significant  amount  of  information  was  obtained,  the  cath¬ 
ode  failed  and  the  tube  Itad  to  be  reprocessed.  The  data  reported  below  were 
taken  on  this  reprocessed  tube 

The  experiments  conducted  to  date  have  been  with  accelerating  voltages 
below  S?kv.  since  it  was  desired  to  obtain  some  experience  with  Hie  equipment 
at  voltages  low  enough  to  jHiimt  operation  in  air  \o  data  have  as  yet  been 
obtained  with  HI*  drtw  on  Hu*  tube  The  measurements  made  have  given  an 
indication  of  the  beam  j>ower  delivered  to  the  body,  the  collector  and  the 
collector-bias  supply,  for  varying  conditions  of  collector  bias.  The  power 
delivered  to  the  collector  bins  supply  is  of  (xiruculnr  importance,  since  this 
represents  j»ower  that  might  he  recovered  m  actual  biased-collector  operation. 

The  experiments  reported  here  were  all  conducted  with  a  beam  voltage  of 
29.3kv.  Figure  V-l  shows  the  pulse  beam  current,  voltage  and  instantaneous 
power  as  a  function  os  time.  The  variation  in  pcrvcancc  during  the  pulse  is 
presumed  to  result  from  a  drop  in  cathode  activity  during  the  pulse,  since 
checks  of  the  current  and  voltage- measuring  circuitry  revealed  no  inaccuracies 
therein. 

The  first  measurements  were  made  to  determine  the  current  distribution 
to  the  II  collector  segments,  when  all  the  segments  were  held  at  ground  poten¬ 
tial.  The  distribution  in  this  case  is  indicated  in  Fig.  V-2,  which  also  indicates 
the  variation  in  current  distribution  since  all  segments  are  biased  negatively. 

When  all  collector  segments  are  biased  to  the  same  voltage,  it  is  of  inter¬ 
est  to  know  the  amount  of  power  dissipated  as  heat  in  the  body  of  the  tube  and 
in  the  collector  rings,  as  well  as  the  power  delivered  by  the  electron  beam  to 
the  external  DC  power  supply  as  a  function  of  the  common  collector  voltage. 
Because  of  the  shape  of  the  pulse,  an  appreciable  amount  of  the  beam  power 
is  carried  by  the  electron  beam  at  lower  kinetic  energy  than  that  corresponding 
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Fig.  V-3.  The  body  current  ond  the  corresponding  power  flow 
due  to  the  imperfection  of  the  voltoge  ond  current  pulses  os  o 
function  of  the  bios  voltoge. 
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Fig.  V-4.  The  distribution  of  power  os  a  function  bias  voltage. 
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ia  maximum  voltage  during  the  pulse,  litis  means  that,  for  certain  litas  volt¬ 
ages.  the  part  of  the  lieam  current  which  passes  through  smaller  accelerating 
voltage  titan  the  collector- bias  voltage  must  flow  to  the  hotly  of  the  tube.  The 
measured  hotly  current  on  tin  meter  must  un  hide  tins  jiart  of  the  lieam  cur¬ 
rent.  Tin-  procedure  for  calculating  tin-  curves  of  Tig,  V-$  was  as  follows. 

Tirst.  the  (tower  gnilsc  of  Tig.  \  -  I  was  obtained  by  multiplying  the  instantaneous 
values  of  the  beam  voltage  and  tin*  current  Then  tin-  curves  of  Tig.  V4  were 
calculated  by  using  numerical  integration  on  the  current  and  power  pulses  of 
Tig.  V  —  l .  These  curves  indicate  the  amount  of  current  and  the  corresponding 
(tower  carried  to  the  body  of  the  nils-  by  that  part  of  the  beam  which  cannot 
overcome  the  IK  bias  on  the  collector  rings  because  of  the  smaller  accelerating 
voltage.  Finally,  the  curves  of  Tig.  \  -  i  w«-re  used  to  obtain  the  results  given 
m  Ttg  V-  !  Tor  example,  when  all  the  collector  rings  were  biased  to  ™20kv, 
the  average  cathode  and  hod v  currents  were  13s  and  i  IQimu,  respectively. 

Train  Tig.  V->  one  finds  that  at  least  0  72nta  of  the  cathode  current  must  have 
gone  to  the  liodv  of  the  tube,  since  that  much  beam  current  is  carried  by  the 
beam  at  an  energy  level  less  titan  20  kv.  The  corrcs|K>ndfng  body  power  is 
S.7  watts.  (Curve  A  of  Tig.  V—!  is  a  replot  of  T.^  of  Tig.  V-5.)  The  remaining 
fraction  of  the  body  current  must  then  be  of  higher  energy  level  than  20  kv. 

Since  t(ie  energy  distribution  of  tins  ixirt  of  the  hotly  current  (in  our  example, 
O.iS.ma)  was  not  known  exactly,  it  was  assumed  to  be  of  the  highest  energy 
possible,  that  is.  29.3  kv.  Therefore,  the  curve  of  the  dissipated  power  in  the 
body  of  the  tube,  as  shown  in  Tig.  V-l.  curve  U.  gives  an  upper  bound  for  this 
variable.  Curve  C‘.  representing  the  power  delivered  to  the  DC  power  supply 
is  the  differenc  e  between  the  average  cathode  and  body  currents  times  the  com¬ 
mon  bias  voltage  on  all  the  collector  rings.  The  difference  between  the  total 
beam  power  and  the  sum  of  power  delivered  to  the  external  bias  supply  and  the 
body  power  is  assumed  to  be  dissipated  as  heat  in  the  collector.  This  thermal 
energy  is  plotted  as  curve  D  in  the  figure.  Curve  E  represents  power  that 
would  be  delivered  to  the  bias  supply  if  the  body  power  were  the  minimum  theo¬ 
retical  value  indicated  by  curve  A  (that  is,  no  primary  body  interception). 

The  dotted  curves  in  Fig.  V-4  show  the  best  possible  operation  of  the  col¬ 
lector,  and  represent  the  lower  bound  for  the  power  dissipated  in  the  body  of 
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the  lube  and  Ihe  upper  bound  for  Ihe  (lower  delivered  to  the  power  supply,  which 
ts  possible  with  pulses  of  the  sliape  shown  in  Pig.  V-1.  The  dashed  part  of  the 
experimental  curves  of  Pig.  V-  l  represents  an  extrapolation  of  data  obtained, 
since  it  was  not  considered  prudent  to  increase  collector  bias  to  the  point  where 
all  the  beam  current  was  returned  to  a  small  portion  (possibly)  of  the  lube  body. 

Poliowing  the  measurement  with  all  rings  at  the  same  voltage,  the  rings 
were  separated  and  the  voltages  adjusted  so  that  the  bias  varied  monotonically 
from  -  tO  kv  on  the  first  ring  to  -  19  kv  on  the  last  ring.  With  these  voltages, 
the  jiower  delivered  to  the  bias  supply  was  essentially  the  same  (57  per  cent) 
as  it  was  when  all  the  rings  were  at  - 20 kv  However,  when  all  rings  were  at 
-20  kv,  the  current  delivered  to  the  tube  body  was  85  per  cent  higher  than  it 
was  with  the  graded  voltage  arrangement. 

The  above  example  does  not  necessarily  represent  the  best  possible  oper¬ 
ation  of  the  segmented  collector.  The  objective  of  future  work  along  these  lines 
will  be  to  optimize  the  biasing  schedule  so  as  to  maximize  the  power  delivered 
to  the  external  circuit  and  minimize  the  body  power. 

During  the  next  six  months  it  is  expected  that  the  low-voltage  tests  of  the 
multisegmcm  collector,  including  the  HP  tests,  will  be  concluded  and  work 
will  begin  on  either  intermediate  or  rated  pulse  voltages.  These  tests  Will 
have  to  be  conducted  under  oil. 

A.  Saharian 
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1V?i5s*  have  been  matte  tw«  a  group  of  ms  planar  purchased  from 

Sjjerrv  tiviwi't^u*  <  ‘on-.jiauy  “  These  tlimli's  art-  tlfssignttl  for  smithes  of  eailteile 
itiatenals  The  eailimles  t »f  slit*  si^  tliwles  irsuti  thus  far  ‘»vi*re  eouverletl  by 
Sperry.  ami  activated  at  900*C‘  for  three  hours  at  an  anode  voltage?  of  volts. 

-\  no;  Iter  six  ihtvlrs  are  complem-d  up  to  the  cathode  oDiversicHt  which  we  plan 
to  tin  ourselves  (sot*  below),  hiarltr  !  to  each  ts  a  I  -liter  see  son  pump, 

winch  serves  principally  as  a  vacuum  gauge 

The  purpose  of  these  tests  is  to  get  an  e»tea  of  what  sort  of  emission  can 
be  obtained  from  oxide-coated  cathodes  under  gootl  vacuum  condition#  At 
present  there  is  a  large  gap  between  industrial  design  values  of  emission 
(about  lamp  cm**)  anti  values  reported  from  laboratories  (up  to  ISO  amp  cm“|. 

A  hopetl-for  result  of  tlits  wort:  is  to  bring  tin*  design  value  closer  to  laboratory 
values  Since  site  ouesitosj  of  com  pits  it  loti  of  the  coating  is  not  of  interest  at 
this  time,  we  are  using  a  standard  triple-carbonate  mix.  MCA  S3-C’-11#  In 
order  to  avoid  variable  effects  of  different  activators  in  the  cathode  tense,  we 
are  using  passive  tenses  In  each  group  of  six  diodes,  three  have  tenses  of  *199 
nickel,  three  of  plat  mum 

The  diodes  are  pulsed  by  a  puiscr  capable  of  generating  pulses  up  to  l*lkv 
peak  The  puiscr  ts  provided  with  a  device  for  automatically  scanning  up  and 
down  in  voltage.  One  complete  scanning  cycle  takes  20  seconds.  The  voltage 
and  current  pulses  are  fed  into  the  horizontal  and  vertical  inputs,  respectively, 
of  an  oscilloscope,  resulting  in  a  display  ot  the  l-V  curve  on  the  screen.  The 
reticule  in  front  of  the  screen  has  a  three-halves-power-law  curve  inscribed 
on  it. 

In  the  initial  tests,  the  nickel-based  cathodes  scorned  to  be  the  more  active, 
but  the  statistical  sample  is  small  enough  that  wc  hesitate  to  make  a  definite 
statement  about  the  relative  merits  of  nickel  vs  platinum  as  a  base  material 
at  this  time.  However,  the  tubes  feii  into  two  groups  with  respect  to  activity, 
with  distinctive  properties: 

(a)  Two,  nickel-based,  of  high  activity  (maximum  space- 
charge-limited  current  density,  about  15amp/cm^  peak). 
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Fig.  Vl-I.  Current  pulses. 
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(1)  'Hie  most  active  one  showed  a  ctirreni  rise 

I !**«{;.  VI-t(a)|  during  the  pulse  over  the  entire 
range  of  voltages  used  in  tlte  test. 

(2)  The  ttext  one  showed  a  current  rise  at  medium 
voltages  (i.e.,  within  the  spaee-diarge-liiuited 
(s-e-1)  region),  hut  a  current  droop  (Tig.  VI-1(b)| 
m  the  saturation  region 

(h)  Four  of  low  activity  (maximum  s-c-1  current  density,  about 
’I  amp  cm-  peak). 

These  four  all  showed  a  pronounced  current  droop  in  the  saturation  region 
One  tube  showed  an  effect  in  the  first  tests  which  was  not  repeatable  later, 
namely,  a  long-term  current  decay  The  evidence  was  that,  m  die  saturation 
region,  the  current  for  a  given  voltage  was  lower  by  about  3  per  cent  on  the 
down-trace  of  voltage  than  oil  the  up-trace  (Fig.  VI-2(e)|. 

This  same  tube  was  tested  for  variations  of  maximum  s-c-1  current  with 
pulse  width  and  repetition  rate.  No  effect  was  found  by  varying  pulse  width 
from  1  to  lOpsec  at  two  different  repetition  rates.  A  variation  of  the  repeti¬ 
tion  rate  from  50  to  aOQOcps  caused  a  decrease  o:  25  per  cent  in  the  current 
(Fig  V!-  3)  This  behavior  is  to  he  expected  in  a  lube  that  shows  a  long-term 
decay  but  no  short-term  droop. 

Figure  VI-2  shows  the  1-V  curves  for  the  various  conditions  For  the 
short-term  rise  and  droop  effects,  the  curves  look  similar,  showing  a  fanning- 
out  tendency  in  the  saturation  region,  except  that  the  patterns  at  the  end  of  the 
fan  differ.  Kach  pattern  is  merely  a  representation  of  the  current  pulse  turned 
on  its  side,  and  it  shows  the  ringing  at  the  beginning  of  the  pulse.  By  noting 
the  position  of  the  ringing  pattern,  one  can  tell  whether  the  lower  current 
(lower  trace)  came  before  or  after  the  higher  current  in  time.  A  representa¬ 
tive  photograph  is  shown  in  Fig.  VI-4. 

The  short-term  current  decay  is  exponential  and  has  a  time  constant  of 
about  3|isec.  Figure  VI— I  (b)  represents  a  10-psec  pulse.  The  decay  pre¬ 
sumably  results  from  'he  depletion  of  a  hyperactive  surface  layer,  after  which 
the  emission  settles  down  to  a  rate  determined  by  the  activity  of  the  bulk  of 
the  coating. 
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Fig.  VI-2.  I-V  curves. 
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Fig.  VI-3.  Maximum  s-c-l  current  deer  cove  with  increasing  repetition  role. 


Fig.  VI-4.  I-V  characteristic  showing  current  decay  during  pulse. 
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Hu*  anon -term  tnirmn  rise  wnu  assumed  s«  be  an  tudicantun  mf  a  H'liipm* 
inn?  rise*  during  she  pulse  (The  tent  in?  rat  tire  i  use  corre»ptM*lmg  b«  the  «b- 
servwl  Id  per  cent  riH'  in  current  wwihl  be  ab*»ut  ?'C  )  Oit  this  assumption, 
observations  iU-u*  made  with  a  phuioeleetric  pyrtimeicT.  and  they  art?  described 
below  l‘he  eenelusion  was  shai  the  temperature  rwt*  if  any.  was  less  titan 
witat  the  jiycwnpu-r  cwiiil  desert  t  e  less  nlmss  %'C*  l«ater  calculations  all 
point  to  a  likely  ii’idjmmuiiii  e  rwi*  during  a  pulse  of  less  titan  b  1 5C  and  most 
i'pppiu  tests  iiitliraif  that  tit*-  ni!  t  r!;t  t  is**  may  not  be  a  temperature  effect  at  all 
We  have  looked  for  temperature  risi-  m  ‘in-  tasltmk*  during  site  pulse.  using 
a  photoelectric  pyrometer  similar  to  site  «i**e  dota  iltHl  by  Silverman*  The  first 
measurements  indicated  lari**-  u  tiijn'raiui'c  rises,  of  the  order  of  several  linn- 
til  ed  decrees  (‘aletilations  convinced  us  that  "ins  was  impossible  To  locate 
the  trouble.  we  took  ineasureiitents  ‘.visit  a  series  »sf  infrared  filters  that  have 
different  short -wavelength  cutoffs  interposed  between  the  tube  and  the  py rout • 
eter  \U-  also  eonistared  ih«”  respurtses  of  two  phototubes,  one  peaked  in  the 
visible  and  one  in  site  infrared  The  results  showed  "hat  the  radiation  that  we 
were  looking  at  v.as  peaked  m  the  visible  \  visual  inspection  showed  that  in¬ 
deed  there  was  a  bluish  discharge  which  seemed  to  originate  from  the  anode 
The  discharge  was  not  uniform  hut  stringy  The  strings  were  stationary,  not 
only  during  one  period  of  pulsing,  hut  also  after  repeated  turning  of  the  pulser 
on  and  off  IJngltl  bluish  spots  appeared  on  the  anode  at  the  starling  points  of 
*he  brighter  strings  As  the  voltage  was  reduced  some  spots  persisted  even 
after  the  general  discharge  could  not  he  seen 

Tests  to  date  have  been  limited,  and  it  is  possible  that  the  observed  effect 
is  a  transitory  one  However,  certain  interesting  possibilities  suggest  them¬ 
selves 

(a)  The  strings  may  result  from  the  patchy  emission  from  the 
cathode  This  would  explain  the  stationary  feature. 

-8 

(b)  With  the  pressures  around  10  mm  Ug  existing  in  the  tubes, 
it  is  hard  to  see  how  this  discharge  could  exist  in  the  resid¬ 
ual  gas  The  bright  spots  may  indicate  regions  of  intense 
local  heating  It  is  interesting  to  speculate  whether  or  not 
copper  is  being  vaporized  from  the  anode  at  these  points, 
and  is  producing  the  discharge  We  plan  to  look  at  the  spec¬ 
trum  of  the  discharge  to  find  more  about  the  mechanism. 
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We  have  vacuum-converted  the  cathodes  in  a  aeries  of  nine  small  diodes, 
and  now  have  the  procedure  stabilised  to  the  point  where  the  tubes  behave  con¬ 
sistently.  We  nest  plan  to  convert  a  series  of  cathodes  in  Hydrogen,  following 
the  suggestion  of  MacNair,5  to  establish  our  procedure  in  this  technique.  The 
technique  will  then  be  adapted  to  Hydrogen  processing  of  the  second  set  of  sis 
Sperry  diodes,  whose  properties  we  can  then  compare  with  those  that  have 
been  vacuum  processed. 

It.  A.  Pike 
F.T.  Worrell 
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Fig.  VII- 1 .  Cryogenic  pumping  system. 


Fig.  VII-2.  System  fortesting  alumina  and  zeolite. 
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VII.  VACUUM  TKniNKJIJKS 


A.  CKYCXiKNIC  UIIMUINC;  SYSTKM 

Initial  U*#l«  haw  btvsi  run  on  tin*  cryogenic  |mm|iin{|  systfin  mi'nUoninl 

fa 

prvviou  »|y,  'Hie  design  follows  am*  suggested  bv  Feinleib/  mul  Is  shown  In 
black  diagram  in  Fig  Vll-l.  'Hu*  mcrltunirnl  pump  mlwo’s  die  pressure  to 
I  hi*  low  micron  range  initially,  thus  ivilneing  the  pumping  burden  on  the  cryo¬ 
genic  pinups.  ami  allowing  them  to  pump  to  lower  pressures  than  if  they  started 
from  alinos|ilierie  pressure.  ’Ilu*  advanlagt*  of  cleanliness,  characteristic  of 
the  cryogenic  system,  is  preserved  by  inserting  the  alumina  trap  between  the 
meclianieal  pump  and  tin*  rest  of  the  system 

'Hie  system  is  first  pumped  down  to  about  f 0 1«  with  the  forepnmp,  valves 
V,  through  Vj  are  o|h*ii,  and  is  then  closed.  The  alumina  is  conditioned 
by  beating  tin*  trap  and  pumps  l»  and  P,  to  500’  to  f»00*C‘  while  the  fore  pump 
is  running  When  the  pressure  has  (ii*opped  to  about  100  to  200|i  after  out- 
gassing.  the  heaters  are  turned  off.  it  is  generally  found  that,  when  the  alu¬ 
mina  is  at  room  temperature  and  V  is  dosed,  the  pressure  at  the  trap  is 
lower  titan  that  at  the  pump.  The  remaining  steps  consist  of  closing  V^ ,  chill¬ 
ing  P.  till  it  has  pumped  down,  closing  V,  and  chilling  P,.  When  the  pressure 
has  attained  its  lowest  value,  the  ion  pump  is  turned  on.  When  closing 
causes  the  pressure  to  drop,  V$  is  left  closed,  and  the  ion  pump  takes  over. 

In  preliminary  experiments,  we  have  been  able  to  attain  pressures  as  low  as 
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1.5  >c  10  mm  I Ig  with  the  cryogenic*  pumps,  before  turning  on  the  ion  pump. 

The  present  pump  design  is  too  massive.  It  takes  too  long  to  heat  the 
alumina,  and  the pumpdown  is  so  slow  as  to  suggest  that  it  is  restricted  not  by 
the  conductance  of  the  pumping  line,  but  rather  by  the  rate  at  which  the  alu¬ 
mina  can  be  cooled.  An  improved  pump  is  under  construction. 

Comparative  tests  have  been  made  on  the  conditioning  of  small  amounts 
of  activated  alumina  and  zeolite  in  a  system  pumped  by  a  25-litcr/sec  oil  dif¬ 
fusion  pump  (Fig.  VII-2).  The  activated  alumina  (Alcoa  type  11151)  was  pre¬ 
conditioned  by  baking  in  air  at  150"C  for  two  hours,  and  then  put  into  the  vac¬ 
uum  system.  The  system  was  then  pumped  clown.  When  the  temperature  had 
been  raised  slowly  over  a  period  of  six  days  to  250°C  but  with  no  success  at 
getting  the  pressure  below  lp,  we  stopped  the  scries  of  tests. 
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Zeolite,  Type  13-X,  was  substituted  foe  the  alumina.  Preconditioning  in 

this  ease  consisted  of  baking  for?  hours  at  4S0fC  with  dry  nitrogen  flowing  through. 

“Hie  system  was  cooled,  and  the  pumps  turned  on.  The  temperature  was  run 

up  to  4S0T  in  2*1  hours  without  exceeding  in  and.  after  30  hours  at  4§0*C,  the 

«*! 

pressure  was  2  &  10  mm  llg. 

After  a  period  of  ten  days  at  room  temperature,  during  which  period  Hie 
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gauges  were  outgassed,  the  upper  gauge  read  ?  *  10"  mm  llg,  the  lower  gauge 
«s 

4.9  k  10  .  (Since  the  two  gauges  are  not  comparable,  no  attention  should  be 

paid  to  their  relative  readings,  only  to  changes  in  readings.)  When  the  lower 

trap  was  refrigerated  to  liquid  nitrogen  temperature,  the  lower  gauge  reading 

dropped  by  a  factor  of  2.0  and  the  upper  gauge  by  a  factor  of  1.1  (Fig.  VII-3)*. 

The  zeolite  trap  seems  to  Ik*  effective  in  isolating  the  system  from  the  pump, 
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in  accord  with  the  report  of  Harris.  When  the  lower  trap  was  warmed,  the 
pressure  went  up,  showing  several  bursts  of  vapors,  with  the  upper  gauge  being 
much  less  affected  than  the  lower.  The  final  steady  reading  of  the  upper  gauge 
was  25  per  cent  lower  than  it  had  been  before  the  cooling  of  the  lower  trap, 
suggesting  a  permanent  removal  of  gases  from  the  zeolite  during  the  cooling 
period. 

When  the  zeolite-filled  trap  was  cooled,  the  lower  gauge  reading  went 
down  by  a  factor  of  1.4.  the  upper  gauge  by  10,  as  a  result  of  the  pumping 
action  of  the  zeolite.  Cooling  the  lower  trap  brought  the  upper  gauge  reading 
down  slightly,  as  earlier.  Some  12  hours  after  warming  the  system  to  room 
temperature  again,  the  upper  gauge  read  appreciably  lower  than  before,  prob¬ 
ably  because  gases  had  been  trapped  permanently  in  the  zeolite.  The  results 
are  summarized  in  Fig.  VII -3.  Note  that  the  time  scale  is  not  linear,  but 
records  events. 

Further  tests  arc  being  made  on  zeolite  in  smaller  amounts  suitable  for 
traps  in  small  systems.  Comparable  gauges  will  be  used,  to  give  us  more 
information. 

3.  ION  GAUGE  POWER  SUPPLY 

Commercial  power  supplies  for  ionization  gauges  give  insufficient  infor¬ 
mation  to  the  investigator  of  these  gauges,  and  provide  insufficient  flexibility 
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of  u^r,i5io:j  WV  luivf*  a  j*ewer  supply  with  she  following  properties 

of  interest  «o  us 

(1|  ’Hie  electron  current  ran  be  stabilised  so  any  one  of  three 
values,  nominal )y  4  ina.  ^00»«a  antMOna.  available  in  a 
selector  switch. 

(2)  A  ’"standby*  circuit  which  allows  she  filament  so  run  as 
operating  temperature  while  the  accelerating  voltage  is 
off. 

(S|  Provision  for  turning  o if  the  filament  while  she  electrode 
voltages  stav  on. 

HI  A  meter  so  monitor  filament  voltage 

Hie  standby  setting  allows  one  to  turn  she  gauge  on  and  off  without  introducing 
the  gas  burst  from  the  filament  as  turn-on  The  third  provision  allows  a  check 
of  she  ton  collector  current,  to  see  how  much,  if  any.  is  leakage  from  other 
electrodes.  Hu*  filament  nn-ter  is  included,  because  it  lias  been  found  shat 
she  filament  itself  is  a  fairly  sensitive  indicator  of  changes  in  vacuum  con¬ 
ditions.  under  favorable  vacuum  conditions  the  emission  from  the  filament 
improves,  whereas  a  worsening  of  the  vacuum  can.  under  some  conditions, 
produce  a  large  drop  in  emission  efficiency  Where  she  electron  emission  is 
stabilised,  these  effects  show  up  as  a  drop  or  a  rise,  respectively,  in  the  fila¬ 
ment  voltage  and  current  The  voltage  changes  more  than  the  current 

*  he  power  supply  (Fig.  VII--})  '-onsist*  of  a  filtered  IK*  source  with  two 
shunt  regulators  arranged  to  provide  *135  volts  to  the  electron  collector  am! 

-30  volts  to  one  side  of  the  filament  This  permits  the  screen  to  be  grounded 
and  the  ion  collector  to  return  to  ground  through  the  high  impedance  of  a 
Keithley  electromotor. 

The  electron  collector  current  is  monitored,  and  the  monitor  automatically 
adjusts  the  filament  power  to  maintain  the  electron  collector  current  constant 
to  any  value  determined  by  the  operator.  The  automatic  control  operates  as 
follows.  The  electron  collector  current  flows  through  RlQ,  R^  or  R^,  de¬ 
pending  on  the  current  range  chosen.  The  resultant  voltage  drop  is  the  base 
voltage  of  the  emitter  follower  Qy  The  emitter  voltage  of  is  compared 
with  a  Zener  reference  voltage.  A  voltage  in  excess  of  the  Zener  voltage  pro¬ 
duces  a  base  current  flow  in  Q,  which  is  amplified  in  Q,  and  Q,.  The  circuit 

c  .  L  1 


45 


ts  ar  ranged  so  that  an  increasing  current  in  Q,  causes  a  decreasing  current  to 
flow  in  Qj.  ‘Hie  current  flowing  in  Qj  flows  tlirougli  the  control  winning  of  a 
saturable  reactor  whose  gate  windings  are  in  seises  with  the  filament  supply 
of  tne  vacuum  gauge  “Hie  gate  winding  reactance  is  maximum  when  the  control 
current  is  tsero  The  control  loop  ts  thus  dosed  by  the  saturable  reactor 
When  in  "be  stand-by  mode,  a  1X‘  voltage  proportional  to  the  filament  AC 
voltage  is  conijxired  with  the  Zener  reference  voltage,  and  regulation  of  the 
filament  voltage  in  die  absence  at  electron  collector  current  is  achieved  through 
the  same  chain  of  events  described  above  Several  of  these  units  are  now  being 
tested  with  various  gauges 

V  I  Worrell 
W  A.  Janvnn 
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VIII.  VOI.TAGC  BREAKDOWN" 


Vacuum  voltage  breakdown  measurements  were  resumed  m  lit©  last  quar¬ 
ter  and  art*  now  proceeding  on  a  full-time  basts. 

Tit©  tntttal  work  on  gap  breakdown  previously  reported  sliowed  titat  exper¬ 
imental  copper  electrodes  could  be  conditioned  by  low-energy  breakdowns, 
causing  their  voltage  Itoldoff  capability  to  double  This  conditioning  will  be  in¬ 
vestigated  with  an  electrode  assembly  which  lias  four  anodes  and  four  cathodes 
Careful  electrode  conditioning,  followed  by  changing  one  electrode  without 
breaking  the  vacuum  will  allow  observations  to  he  made  on  the  effects  of  both 
anode  and  cathode  conditioning  Another  feature  of  this  assembly  will  allow 
the  preparation  of  the  electrotie  surfaces  by  vacuum -depositing  fresh  layers 
of  copper  and  then  positioning  them  for  breakdown  measurements 

Vacuum  voltage  breakdown  across  high-voltage  insulators  is  also  being 
investigated  experience  with  some  hlgh-power  Microwave  lubes  has  shown 
that,  when  an  insulator  is  m  the  vicinity  of  a  high-power  electron  beam,  its 
voltage  holdoff  can  be  both  poor  and  unpredictable 

An  experiment  to  determine  if  one  ian  raise  this  holdoff  voltage  has  be¬ 
gun,  using  steatite  cylindrical  pillar  insulators  They  are  one  inch  long  by 
j-inch  diameter  and  at  iQ’^inm  llg  holdoff  from  35  to  -55 kv  DC  When  the  in¬ 
sulator  is  coated  with  chromic  oxide  in  a  silicate  binder  and  then  baked,  liold- 
off  is  increased  to  55  to  70 kv  The  end  points  of  the  breakdowns  coincide  with 
very  narrow  gaps  between  the  insulator  base  and  the  stainless  steel  support 
plates  ‘rite  large  voltage  gradient  across  this  gap  initiates  a  spark  which  then 
triggers  a  breakdown  along  the  insulator 

To  eliminate  this  triggering,  a  second  insulator,  in  addition  to  chromic 
oxide,  had  an  aquadag  coating  on  each  end,  thus  eliminating  any  voltage  gra¬ 
dient  across  the  gap  This  insulator  held  off  more  than  110  kv  DC.  For  com¬ 
parison,  an  insulator  with  just  the  aquadag  on  each  end  and  no  chromic  oxide 
broke  down  at  30 kv  (the  thin  edge  of  the  aquadag  coating  results  in  a  very 
large  voltage  gr;  dient). 
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The  significant  increase  in  Itoldoff  voltage  due  in  the  Cr  testing  can 
probably  be  ascribed  le  the  decreased  surface  resistivity  of  the  coated  insu- 
later.  The  unearned  insulator  resistance  of  10  ohms  fell  to  10  ohms  ar*er 
coating  The  decrease  in  surface  resistivity  helps  to  establish  a  more  uniform 
voltage  gradient  along  the  surface  and  allows  a  higher  voltage  to  he  applied 
across  the  insulator  before  a  gradient  large  enough  to  cause  a  spark  is  reached. 

Additional  tests  are  being  made  on  insulators  whose  surface  resistivity 
lias  been  further  lowered  to  10** ohms  by  the  addition  of  aquadag  to  the  chromic 
oxide  The  tests  described  were  made  on  steatite  since  it  was  readily  avail¬ 
able  Further  measurements  of  coating  techniques  on  alumina  will  also  be  made. 

A  VTerstra 
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IX.  MEASUREMENTS  OF  SURFACE  CURRENTS 
IN  KLYSTRON  CAVITIES 
BY  THE  PERTURBATION  OF  RADIATION  FIELD 


A  new.  indirect  method  for  measuring  the  absolute  field  strengths  on  the 
boundaries  of  a  microwave  resonator  has  been  develojied.  This  metltod  is 
bas**d  on  perturbation  of  the  radiation  field,  and  is  useful  in  applications  where 
the  other  indirect  methods,  which  are  based  on  perturbation  of  the  mode  field, 
fail  or  become  laborious  ancl  inaccurate. 

The  new  method  was  used  to  determine  the  distribution  of  the  ohmic  losses 
on  the  four  walls  of  a  klystron  reentrant  resonator  The  results  were  reported 
in  the  last  Semiannual  Technical  Summary  Ktqiori  and  are  shown  in  Fig.  1X-1. 

'Hie  method  was  also  used  to  measure  the  distribution  of  the  surface  cur¬ 
rent  on  the  drift-tube  wall  of  the  resonator  (wall  1).  At  the  time  of  these  ex¬ 
periments,  some  work  was  done  on  the  stalo  (see  block  diagram  of  Fig.  IX _ 3 

in  the  last  Semiannual  Technical  Summary  Report)  to  improve  the  frequency 
stability  of  the  system,  which  resulted  in  changing  the  stalo  frequency  range. 

It  was  then  necessary  to  change  the  resonator  dimensions  in  order  to  have  the 
resonant  frequency  fall  in  the  stalo  frequency  range.  This  change  was  accom¬ 
plished  by  increasing  the  length  of  the  drift-tube  wall  from  0.300  to  0.32*1  inch. 
This  increase  in  wall  length  resulted  in  the  increase  of  its  losses  from  15.3 
to  19. 4  per  cent.  Thus  the  main  purpose  of  the  new  experiments  was  to  deter¬ 
mine  how  the  19.4  per  cent  of  the  total  energy  dissipated  on  the  resonator  walls 
is  distributed  on  the  drift-tube  wall. 

In  these  experiments  the  spraying  technique  was  used  to  change  the  wall 
surface  impedance.  The  idea  was  to  spray  the  total  wall  surface  area  to  a 
thickness  of  about  0.002  inch  (several  times  the  skin  depth).  The  coating  was 
then  machined  off  all  the  surface  except  for  an  annular  ring  where  the  field 
strength  was  to  be  determined.  When  a  large  number  of  measurements  was 
required,  such  as  in  the  case  of  plotting  the  field  distribution  over  all  the  sur¬ 
face,  this  method  was  found  to  be  rather  laborious,  and  another  method  was 
used.  In  the  second  method,  the  surface  impedance  at  the  place  where  the 
field  had  to  be  determined  was  changed  from  that  of  sprayed  material  to  that 
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Fig.  IX— 2.  Surface  field  distribution  on  the  drift-tube  wall  of  reentrant  resonator. 
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of  copper  (the  base  metal)  which  is  the  inverse  of  the  first  method.  The  pro¬ 
cedure  for  plotting  the  field  distribution  was  as  follows  Starting  with  a  sur¬ 
face  completely  sprayed,  a  narrow  annular  ring  of  the  coating  (about  0  0 >0  inch 
wide)  was  machined  off  one  side.  The  resonator  Q's  were  measured  before 
and  after  machining  off  the  ring,  and  the  difference  between  the  two  values 
gave  a  measure  of  die  local  field  strength  at  the  ring.  Hie  width  of  the  ma¬ 
chined  ring  was  successively  increased  and  the  Q  measured  each  time,  until 
all  the  coating  was  machined  off.  To  check  the  results,  two  s*.  is  of  measure¬ 
ments  were  taken  on  two  identical  walls  sprayed  with  Tit\  In  the  first  set  of 
measurements,  the  cuts  were  started  at  the  gap  edge  of  the  wall  and  in  the 
second  set  the  cuts  were  started  on  the  other  end.  The  results  of  these  ex¬ 
periments  are  shown  in  Fig  IX -2. 

With  these  experiments,  the  work  on  this  project  is  concluded. 

I.  Ilefni 
M.  Nader 
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Fig.  X-l .  Computed  surface  resistances  of  argon  discharge  between  dielectric  plates. 


X.  DUPLEXER  1 N  V  ESTI  C*  A  TIQNS 


A  CALCULATION  OF  ARC  LOSS  IN  FOLDED  CYLINDERS 

9 

It  lias  been  reported  that,  for  microwave  discharges,  the  component  of 
elect rie  field  in  phase  with  the  current  is  equal  to  the  sustaining  field  in  a  DC 
diseliarge  at  low  current  levels  At  higher  current  levels  the  conductivity  of 
the  plasma  is  sufficient  to  shield  the  RF  fields  from  the  interior  of  the  dis¬ 
charge  This  is  an  example  of  the  "skin  effect."  Calculation  at  high  current 
levels  is  very  complicated  because  the  electric  field,  the  electron  density  and 
the  electron  temperature  all  vary  with  depth  into  the  discharge  The  electron 
production  and  loss  equation,  together  with  Maxwell's  equations  in  a  conducting 
medium,  had  to  be  solved  simultaneously  These  equations  contained  coeffi¬ 
cients  involving  ionisation  and  rates  of  diffusion  which  varied  with  the  electric 
field.  These  coefficient  functions  were  evaluated  from  theoretical  and  experi¬ 
mental  IX‘  data  The  problem  was  put  into  an  IBM  7090  computer  together 
with  the  proper  boundary  conditions  and  the  results  are  shown  in  Fig.  X-l. 

The  ordinate  in  this  graph  is  the  normalized  surface  resistance  and  the 
abscissa  is  the  normalized  linear  current  density.  The  scries  of  lines  of  slope 
minus  one  for  different  pd  values  represent  lines  of  constant  ordinate,  times 
abscissa  or  constant  E  I\  and  represent  the  low  current  case.  At  higher  cur¬ 
rents  these  lines  all  merge  into  the  heavy  double  line  which  represents  the 
highly  shielded  case. 

B.  APPLICATION  TO  L-BANI)  FOLDED  CYLINDER 

The  design  of  an  L-band  duplexcr  cavity  was  mentioned  in  the  last  Semi¬ 
annual  Technical  Summary  Report.  A  quartz  foldcd-cylindcr  TR  tube  of 
i.iOO-inch  diameter  is  mounted  horizontally  in  a  capacitive  iris  across  a  rec¬ 
tangular  cavity.  The  results  of  the  machine  computation  have  been  applied  to 
this  L-band  duplexcr  with  the  results  shown  in  Fig.  X-2,  which  is  a  plot  of  the 
average  power-handling  ability  of  the  cavity  as  a  function  of  duty  cycle  when  the 
hottest  point  in  the  tube  is  at  450°C,  The  lines  approaching  a  slope  of  minus 
one  represent  the  unshielded  case.  The  line  of  slope  approximately  minus  l/3 
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Fig.  X-2.  Computed  overage  power-bond  ling  ability  of  L-bond  cavity 
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(marked  «)  represents  the  shielded  ease.  ‘Hie  machine  computation  mentioned 
above  does  um  take  into  account  the  electron-positive  ion  collisions  which  tend 
to  pitnluee  a  constant  value  of  conductivity  (equal  to  that  in  a  fully  ionised  gas) 
in  the  discharge  at  high  current  levels.  This  ease  is  represented  by  the  hor¬ 
izontal  line  and  Isolds  for  cases  where  die  tube  gap  is  greater  than  the  skin 
depth  (0  03l5em)  m  a  fully  ionised  gas 

The  gap  actually  used  is  0,07?  cm;  hence,  for  duty  cycles  larger  than  0.01, 
the  discharge  is  unshielded  and  the  electric  field  is  constant  In  this  case  the 

power  dissipated  in  the  tube  should  be  proiioriional  to  „/P  D  so  that  the  tern¬ 
s’  av  tt 

perature  rise  at  the  hottest  jKiint  in  the  tube  was  plotted  against  this  quantity 
as  in  Fig.  X-5  The  crosses  arc  for  data  taken  at  high  peak  power,  low  duty 
cycle  in  the  resonant  ring  (maximum  10  Mw  peak.  0.005  duty)  and  die  circles 
are  for  data  taken  with  a  CIV  magnetron.  The  lower  portion  of  the  curve  has  a 
slojn*  of  plus  one.  whereas  the  upper  giortion  shows  a  lower  temperature  rise 
for  a  given  amount  of  heat  input  At  high  temperatures  a  large  fraction  of  the 
heat  is  lost  by  radiation  which  follows  a  T*1  law.  At  *!50’C  and  a  duty  cycle  of 
one,  the  measured  average  power  is  51,500  watts,  whereas  the  calculated  value 
is  2*1,000  watts.  The  figure  also  shows  that,  at  the  higher  duty  cycles,  the  gap 
slicing  could  be  increased  to  give  an  increase  in  power-handling  ability  at  the 
expense  of  an  increase  in  recovery  time  (I00|iscc  with  0.075cm  gap  and  1  mm  Hg 
argon)  No  cooling  is  used  at  present. 

It  was  decided  to  design  a  balanced  TR  duplexor  since  it  requires  only  one 
high-power  switching  tube.  The  dimensions  for  a  dual  TR  mount  have  been  de¬ 
termined  and  a  final  duplexer  with  tuners  and  pressurization  is  being  designed. 
Electrical  measurements  arc  being  taken  to  determine  the  proper  shape  for  a 
post-TR  cavity  using  a  mctnl-ccramic  TR  tube  to  protect  the  receiver  from 
leakage  past  the  prc-TR. 

C.  S-BAKD  TR  WINDOWS 

The  Brush  Beryllium  Company  (Cleveland,  Ohio)  has  accepted  an  order  to 
manufacture  several  S-band  TR  windows  which  use  beryllium  oxide.  These  TR 
windows  may  be  described  as  flattened-out  folded  cylinders,  since  the  discharge 
takes  place  in  a  narrow  (0.015  inch)  void  in  the  dielectric  so  that  diffusion  is 
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used  as  a  recovery  mechanism  Much  aiieiiiion  has  been  directed  to  ties  inning 
for  best  liras  flow,  so  she  Til  tube  sltoulcl  liaiullc  several  hundred  kilowatts  of 
average  power  These  windows  will  be  tinot  |toi  nted  in  an  HP  structure  which 
is  being  designed  at  Lincoln  laboratory 


I)  5-I5AXD  IIIGIM’OWKR  TKST  IIQIII’MKXT 

A  high-poww  2>«b.imi  tiawling-wav*-  resonator  lias  been  bulls  anti  tested  at 
Dielectric  Products  Engineering  Company  ‘Dus  unit,  vdnth  will  be  delivered 
early  in  January  I9e2.  gives  a  C\V  gain  of  H  5  to  M.5db  and  should  enable 
siuiulatioti  of  an  aveiage  jiower  of  about  0  s  Jlv,  using  the  Litton  pulsed  klystron 
15  Mw  peak,  50  kw  average!  winch  is  scheduled  tor  delivery  in  late  January  1962. 
Modifications  to  the  existing  modulator  are  also  planned  to  provide  pulse  widths 
up  lo  SOiiscc  Ii  is  expected  that  high-jjowvr  S-hand  tests  can  begin  about 
I  April  1962,  provided  there  are  no  further  delays  in  equipment  delivery 

K.  HP  BHKAKDOWX  l\  AIKiOX 

A  preliminary  graph  of  breakdown  voltage  in  argon  is  presented  in  Pig.  X-L 
'litis  graph  displays  much  the  same  features  as  the  breakdown!  graph  for  hydro¬ 
gen  explained  in  a  recent  report.*®  The  breakdown  voltages  are  lower  than  for 

hydrogen  and  the  oscillation  amplitude  limit  is  shifted  to  the  left  about  half  an 

-6 

order  of  magnitude.  Further  data  will  be  taken  to  cover  the  range  10  d/A  < 

•1  >•  10  These  data  arc  invaluable  in  I'll  tube  design 


P.  GASEOUS  PULSED  ATTENUATOR  K)R  MASER  PROTECTION 


There  is  a  real  need  for  a  device  which  will  give  100-  to  130-tIb  isolation 
for  use  in  radars  where  masers  arc  employed.  Maser  performance  is  quickly 
degraded  by  small  amounts  of  leakage.  In  addition  to  high  isolation  in  the  trans¬ 
mit  condition,  the  device  must  produce  a  minimum  of  insertion  loss  on  receive 
or  else  the  maser  noise  figure  is  impaired.  A  device  which  meets  these  re¬ 
quirements  has  been  designed  and  the  first  model  is  being  tested.  It  is  made 
up  of  a  long  (12 -inch)  quartz  tube  of  about  7  mm  in  diameter,  placed  along  the 
axis  of  an  X-band  waveguide  and  filled  with  helium  at  low  pressure  (2mm  Hg). 
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Fig.  X-4.  Contours  of  constant  breakdown  voltoge  for  argon. 


The  lube  lias  an  oxide-coaled  cathode  at  one  end  and  a  simple  anode  at  the  other. 
A  negative  voltage  pulse  of  about  2000  volts  is  applied  to  the  cathode  in  series 
with  a  resistance  sufficient  to  limit  the  current  to  about  250  ma.  Attenuations 
in  excess  of  100 db  liave  already  been  measured,  the  measurement  being  limited 
by  the  apparatus  presently  available.  The  insertion  loss  is  calculated  to  be 
about  0  05 db,  but  lias  yet  to  be  measured.  Life  of  the  pulsed  attenuator  will 
probably  be  determined  by  gas  cleanup  and  is  a  subject  which  will  require 
some  attention. 

C  W.  Jones 
C.  B.  Mueho 
C.  B,  Nelson 
A.A.L.  Browne 
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